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rrvern. that can fee c&ied inwardly to bring tne tube into a 
ccrrtratfed shaoe. 
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Description 

Ba&ggyGSi S! the invention 

[0GO1 ] The invention rel ates to a fcteable tube and to i 
a method fcx piecing such a tube in a tubular cavity. 
{0002} it is known to ted flexile hoses into a flattened 
shape in order to feaiitale easy storage, for example by 
reeling the flattened nose around a small diameter reel- 
ing dam. 

(0003] It is ateo known to insert well tubuiars in a con- 
traded position into a *£lfccre and to expand the tutu- 
ler downhole at the location where the tubular is to be 
used. Soviet patent sp<wficsiicn SO-633825 disdoses 
ma use of an inriia#y corrugated tube which « aapanded 
dcwnhoie into a tubular 3ftap«. irtsrnaticna] patent 
ac^cation, pudicsracn Ma WO 97/06346 cisdcsss the 
■jse of a flaxila wsil *ubuar which % folded into a tadney 
shape during ;is riesc2rs through ihe w*&>cra and 
which r5 inftatsd ficwnrxs^ ic cring the n/txisr into a 
c/wdrical shape, whsrsattsr tubdar is pcayrn^jsed 
to prcvida a casing. This 5«nown tubular has sn Y- 
shape and carves to rrcwda seal si the junction 
between a nsti wstt and a fcrsr.ch wsfl. Disadvantages 
of these known axpsndab^ corruaated and i\$c&te Ic4d- 
aibes ar* shai they need to be relatively ftin to 
ailcw an easy expansion within a borehole cr other cav- 
ity and thai Jhu shape of tha unfeWad te not weil 
defined. 

pa>4] His an object of the pr eseni invention to allevi- 
ate in© cSsedvaniages of me known fcldabte tubes and 
to provide a #.dacle tube which can be toided and 
unfoWed f^atjvsiy easily but which generates an 
appended tuba wHch is robust and which has a weB 
defined tubular shape. 

§Ajmmer¥ of fo e }.nv^njjon 

[0005] The toidabie tube according to the invention 
ccrnpnses a tubuiar wal hav.ng at teast three elongate 
relatively ftexibe areas -where frra wall is mere ftedbto 
than other areas of the wail, which areas are oriented in 
a substantially parafJei ejection relative to each other 
atoog at least a substantial part rf the l ength of toe tube 
so that tn use said areas form plastic hinges which 
define a wafl segment that rs inwardly foldable to bring 
the tobe into a contracted snap*. 
{00061 An advantage of the use ai dasHc hinges in 
accordance with ttie present invencon s that they Jock 
the unfofeted iube in its tubular shape and that Ihe tube 
can be made cheaply by craaiing the plastk; hinges in 
the wail ot a tube Vftv.ch r-as, apart from the plastic 
hinges, a sirrah wall strsr^i and thickness as a con- 
ventional tobe that w<xid normally be used in the same 
situation. 

[0007] ft is preferred that sa<! reiatrveiy flexible areas 
are formed by trough-shaped c/ocves in the wall of the 
tube, which grooves ara oriented in a parallel or helical 



direction relative to a tong'rtudnaJ axis of the tube. 
[0008] Afternatrvery the reiatrvery weak areas are 
formed by mutually parallel axial or helical rows of 
hdes. These holes may pass through the wail of the 
; tube or extend only partially into the cuter or inner sur- 
face of the wall of the tube. 

[0009] It is also preferred that at least one set of four 
grooves is a/ranged in the wall of the tube such that 
each set of tour grooves defines a tube segment trial 
ic can be folded as a U-shaped recess inwardly into the 
tube. The sides of said U-shaped recess may sven be 
totded towards each other in a delta-shape arc ihe 
of the recess may be brazed together to fix the sube in 
its folded shape until a relatively Jew tension fcrcy is 
is eaerted to the brazed joint. 

(0010] The lube can be foWed to a high degrse ci ccr - 
fraction rf two sets of four grooves are arranged sym- 
metica^y at opposite sides of ihe ajba such tot tqpcri 
tc&rxj of the iube delta- or U-fifcaoad rec^sss ars 
& termed occc^te sides of ihe tube. 

(0011 3 jf the ^be needs to be fddsm to a fcvsa :^)h 
decree of •contnacion th^ a single groove or pas"^; 
hinge formed by a tu&uio may be arranged at one sila 
and a se* of four grooves at an opposite side d Jha V^ner 
2S vuall of tha tube. 

T001 2] The latter entfxjtfmerrt of tha aimaccarcfing £0 
the invention can be used as a we^ liner at ?he jurxSon 
between a main well and a branch wdl if a branch tee 
« secured around a window in the we^ of ihe 
so between said single groove and an adjacent geeve of 
said set of four grooves at said oppesrte s?de ot the 
|tK513} In that case the tube is tewersd through tx> 
main weJ! towards me junction after foJding ihe tube kito 
its contracted shape. At the JuncSon the lube is ttwi 
35 expanded such that the branch tube is pushrcd into Ihe 
entrance of the branch weti. 

The tube according to the present InvwrSon 
can be made of any material which m piasticaiV deferm- 
aide such thai the tube dees not break as a result of the 
40 foWmg and unto4dng operations. 

(001 5] Suitable rrmteriais are stssi, in perticuiar form- 
able steel grades such as high strength lew aloy sieabs 
and dual phase steels, and plastic materials such as 
polypropylene and pc^yvinyfchlorkje. 

AS 

flfiflf ^m$™ of the drawinos 

{rxn 6] The invention w$ be described in nxre detail 
and by way of axarrple with reference to the accornpa- 
5<? nying drawings, in which 

Fig. 1 is a aoss-axial sectional view of a fotecie 
tube acccning to the inventicn which comcrisas 
two sets of four grooves in the inner wall of the tube; 
55 Fig. 2 shows the tube of Fig. 1 at a somewhat 
reduced scale wherein the tube is folded into its 
contracted shape such that two U-shaped recesses 
ara formed at opposite sides of the tube; 
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Fig. 3 is a cross-axial sectional view of an alterna- 
tive embodiment of the fotdabe tube according to 
the present invention wherein a single groove is 
present at one side and a set of four grooves is 
present at an cppcsrta sioe of the tube; i 
Fig. 4 shews the tube of Fig. 3 at a somewhat 
reduced scale herein the cube is folded into its 
contracted shape suon that a U-shaped recess is 
formed at the upper sxte of the ti£>e; 
Fg. 5 is a cress -axiai sectcnaJ view of a fokjabie 
tube according to the invention inside a well 
wherein the tube is provided wilh a branch tube 
which is inserted into *<he errtranca of a branch wea 
upon dewnhci* expansion of the ^dacie tube; 
Rg. 6 is a crcss-suiai sectional view of a fcidable 
tube according to the present invention with a U- 
•^gped recesa ai one sid^ arid a hinge provided by 
a tuoute at the cttver side; 

Rg. 7 is a aoss-a^sai sectional vi^ ci a foldabie 
tube according fo *ta invention which comprises 
three aroai cfcov^ <ti one =j3do of ! h<3 tube; 
rkj. 3 is 3 cxccvs-^i seasonal view of a fokiabie 
hie according so ihe ©resent invsnticn where the 
folded tube end She U-shep-ed recesses have a 
defta- shape; and 

Rg. 9 is a cross -awei sectional view of a loadable 
tube accorong to fra present Invention where 
dett^shsped rscseses are prssant at bcih sides of 
the tube. 

qetejled desq jpfoa .SLflaL iO^fel 

[0017] Referring to r»Q. 1 <here is shown a tokiahie 
tube 1 which cc^rprisas two sets of axial trough-shaped 
grooves 2-9 in the inner wall of me Mae 1 . 
[001 8] Fig. 1 shew the iuoe 1 in its unfoided cyiindf i- 
cai shape and the grooves 2-9 each have a similar 
dec* and width. One set ol taw grooves 2-5 has been 
machined into the inner wail at the upper side of the 
lube 1 and the other set of ;cur grooves 8-9 has been 
machined into the inn»*r wafl at the tower sideof theiube 
1, such that *he two ses of grooves 2-5 and 6-9 are 
symmetrical reiaiiva *> each dher. The distances 
between the grooves 2 and 3, ihe grooves 4 and 5, the 
grooves 5 and 7 and the crocves 3 and 9 are equal to 
each other. 

[0C19] Furthermore ff)e dis^rce between ihe grooves 
3 and 4 is equal lo the distance between the grooves 7 
and 8 and the distance between the grooves 2 and 9 is 
equal to the distance between the grooves 5 and 6. 
[00201 The symmetrical arrangement of two sets of 
four grooves 2-5 and 6-9 enables the bjfce 1 to be folded 
such that the wail segments between the grooves 3 and 
4, 7 and 8, 5 and 6 and 2 snd 9 are moved inwardly 
towards the centre I \ of ^he tube 1 as illustrated by 
arrows 10 and the tube 1 obtains its contracted shape 
as is shown in Rg. 2. 

[0021 ] Rg. 2 shews new she relatively thin parts of the 



tube 1 adjacent to the grooves 2-9. where the wait thick- 
ness is smaller than the wait thickness of other parts cr 
the tube 1 . act as plastic hinges during the tolcSng pro- 
cedure. 

[0022] As a result of the hinging action the grooves 3. 
4 and 7 and 8 open up whereas the grooves 2. 5, 6 and 
9 are largely dosed so that a first U-shaped recess \2 is 
formed at the upper s*te of the tube 1 and a second U- 
shaped recess 13 is formed at the lower side at the U^e 
1. The foWed tube 1 shown in Fig. 1 has the shape of a 
rivet which has a sjgntfxxintry smaller cuter width than 
the inner width of the unfolded tube shown in F:g. •. 
Therefore me fdded tube can be moved ss&ly through 
ihe bora of a conduit cr underground weU. even thrash 
narrow passages termed by valves and sharp curva- 
tures. 

[0023] Rg. 3 shows an alternative ernbcdrr>^ or r.z 
l&ds&n lube accodsng to the invention «i which in a 
tube IS comprises a single axial c/ocva IS at m« Jcwsr 
20 side of the lube 1 5 and a set erf four aria! groovy \ 7. 
IS. 5 9 and 20 at the upper site of the oibe 15. 
mx&4] The grooves 16 snd 17 and 20 hav« «en 
machined in the inner well of the tuba 55 and im 
grooves 18 end 19 have been machined in *hs ouar 
26 wa3 d ihetube 15. 

rne raia^vety thin wail parts of ihg tuoe 1 o 
adjacent to fse grooves 1 6-20 form waa areas which «re 
)TC ro fiesta than o^ijr psrts of the tube 1 5. srocv^ 
pattern shown ri Fig. 3 ailows the w^iJ ^merft 
so be1w8en1t»grccves17arxi20to 

the direction of arrow 21 such thai the tube 15 obtsins 
tie folded shape shown in Fig. 4. 
[0026] Rg. 4 shows that on folding oi the tube <5 a 
^aped recess 22 is fcf med by the wail-segment ct the 
35 tube 15 between these* of four grooves 17-20 at me 
upper side ci the tube 15. The 1wo relatively big well 
segrnents of the tube 15 between the groove 16 at me 
kx*er side and the two outer grooves 17 and 20 at Ihe 
upper side of *e tube 15 thereby pivot towards *ach 
40 other about the plastic hinge formed the at the bottom cJ 
tie tube 15 near the groove 16. 
T0027] The tube 1 5 shown in Rg . 4 can be unfdded cv 
moving an expansion manor ^ in axel drecticn ^cucn 
the tube 15 and/or by inflating the tube 15. 
4S {0028] The untokJed tube 15 then obtains its cylindri- 
cal shaoe as « shown in Bg. 3 and the conftguration ot 
parai!e4 grooves 16-20 wiB than \ock ihe tube 15 since 
me wail segments between the grooves iS-20 form 
arches wrtch wfll be subject to hoop stress H the 
so hydraulic pressure outside the tube 1 5 is higher than the 
hydraulic pressure inside the tube 1 5. 
i0029j Fig. 5 shows a foldaWe tube 25 wr%ch <s ^m^r 
to the toWable tube 15 shown in Fjgs. 3 and 4 inside a 
main wefl 26 in which a well casing 27 has oeen 
55 cemented in place. 

(0030] The main well 26 passes through en under- 
ground formation 28 and a branch well 29 has been 
driHed through a window 30 in the well casing 27 Uater- 
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aHy away from the main well 26 into the formation 28. 
10031 j The tube 25 is made cf steel am comprises a 
single groove 31 at its lower side and a set of four 
grooves 32*35 at Hs upper sxte. A branch tubing section 
36 has been wekted to the wa9 segment cf the bjce 15 5 
between the grooves 31 and 32 around a window 37 
that has been machined in tha wall of the tube 25. 
(0032} The tube 25 has been moved in its folded con- 
tracted position through the main we4 28 until the 
branch tubing section 36 « located adjacent to the io 
entrance of tie branch w«5 29. 

[G033] Then the tuba 25 is expanded by an expansion 
mandrel into its cylindrical shape, which « illustrated by 
broken itnes 38 such that the branch tubing section 36 

pushed through the window 00 in ^ ^ casing 27 is 
into <he branch well 29 ss iSustniiad by broken lines 39 
and the arrow 40. 

{©334] An eksngErta brsa>®bk) ccrairer 4 * containing 
a s«al;ng agent is arratpged within tf*r&- shaped 
rscess formed beiwa^n ene s«* or Jour grooves 32-35 at 
iha upper side of the 25 which contains* is 
sqm&eaed between *fcs ; nn«*r wall tie wfifl essirxj 27 
$nri the cute? wal cf tf*9 :wba 25 rf the ai*s is untied 
*0 Hs cyftfxihcsi snaps 33. Ths saaSng agsrt ss thereby 
squeezed into the anri^r ^rrcunding ma 

kittled Subs 25 and th-a branch tubing segment 39 and 
provides on curing an adsqu&ia se22 viftsch also fixes 
ths unfosded tube 25 and craned aid rig section 36 
inside the main and She brancn w<M 26 and 29. 
{CO353 fig. 6 shews a Voided Ui>a 41 which has a set 
of four ^ocves 42, 43. 44 and 45 at upper side and a 
single tubular hinge 46 art its tewer ^da. 
jt^X3©l The tubular Nnge 46 provides an area where 
ihe wall cf the tube Is more ftoobie than the ether parts 
of the Ui3e 41 , apart from the a/a&s cf tub^ 41 adja- 
cent to the grooves 43-45. 

(0037] The tubular hinge 46 provides moreover an 
area where in© wal of th* fcb« can be dsrcrmsd in dr- 
cumferential dreefcon during the unfolding procedure. 
10033] After ccrnpleton the urrfeidno, procedure the 
intenor 47 of tie tubder hinge -46 csn bo fulad with a Til- 
ing agent which provides support and fixes she tubular 
hinge 46 tn its expanded oesiben. Th-e interior 47 or the 
tubular hinge 46 .may aiso certain electric or hymuiic 
conduits for transmission of eiec^c and/or hydraulic 
power and/or signals along the length of the tub« 41 . 
[0039] Ftg. 7 shows an embocimen* of She Mdabla 
tube acccrdng to the invention where the tuoa 50 com- 
poses at its upper side three mutually parallei axial or 
belicai grooves 5 1 . 52 and 53 which define three plastic 
hinges that allow the upper side of the ^ube 50 to be 
bided inwardly as aiustrated by phantom lines 54 and 
arrows 55. 

[0040] After trie upper side of ihe tube 50 has been 
folded inwardly the outer width of the Sewer side of the 
tube 50 can be reducad as illustrated by arrows 56 by 
puBing a circumferential or helical '*ira (not shown) 
around the thus folded tube 50. 



[0041 ] The tube 50 is then unfolded by increasing the 
hydraulic pressure in the irrtericr cf the tube 50 which 
breaks the wire and induces the tube 50 to unfold into its 
cylindrical shape shown in Fig. 7. 
[0042] Rg. 8 shows an errtxxliment of the loadable 
tube according to the invention where the folded tube 57 
has a deita-shape and comprises at each corner a 
delta-shaped recess 56. 

[0O43] Each detta -shaped recess 53 is formed by 
bending the lips of the tegs of a U-shaped recess 
towards each other and each recess is defined by a set 
of four plastic hinges 59, 60, 51 and 62 where the well 
of toe tube 57 is mors flexible man at other parts of tie 
&ibe 57. 

(0044] Tho tub© 57 is untoWed by increasing the 
hydraulic pressure in the interior 63 d tie tube 57 which 
causes tfro tubs 57 to axcand sn <he ejection cf ihe 
arrows 84 so that tha recessss 53 are removed. 6y iur- 
ther increasing the hydrauSc crsssura In the intsnor S3 
d the tube 57, the tube 57 is brought into a cylindiicai 
shspa (ret shown). 

[0045] rig. 9 shows a tuba according to the invemjen 
where the tube 55 ccmpdsss a set of tour axiaS P^^- 
cally defer msb^ hinges 66, 67, 58 and 59 ai its uppsr 
^ side and aiso a s«t of feur axial ptes^calry de4crrns±;ie 
hinges 70, 71, 72 and 73 ax Its tower side. 
P>46] each set c4 four hinges 66-69 and 70-73 
ddines a delta-shaped recess 74 and 75, resp«c*svsry. 
[0047] The two hinges 66 and 59 at tie %sp of *w 
so jddsd tube 65 and also the two hinges 70 and 73 ai the 
bottom of the tube 65 have bean brazed together. Tna 
tms tor mad braxsd joints 76 and 77 created a seal 
between the interior d the ddta-shaped recesses 74 
and the exterior 73 of the tube 55. 
35 [0048] The tube 65 is suitable to be used in rts illus- 
trated folded shape as a drill pqpe where dhSmg mud Js 
pumped through the interior 79 of the tube 65 and 
through the delta-shaped recess ss 74 and 75 to a drill 
bit (not shown). 
40 [0X549] After a borshclo section has been d^led a cas- 
ing is then created by stating the tube 65 using a high 
pressure fluid or expansion mandrel (not shown) so thai 
the brazed joints 76 and 77 break open and the tube 65 
unfolds into Its cylindrical shape as itustrated by arrows 
45 80. The drill brt is then pufled to surface on a wireiina or 
coiled tubing passing through the interior 79 of the 
sxoanded tube 65. 

[0050] The tube 65 and also the tube ccnfiQuraticns 
iSustrated in the other drawings can be spoof ed around 
so a reeling drum in their folded shape and reeled from the 
drum into an underground borehole to provide a lining of 
the borehole wall or inside a corroded or damaged well 
tubular. 

[0051] The wails of the tube accorring to the invention 
55 may comprise sieve openings of a predetermined size 
so that the tube provides a weH screen which is lowered 
into the borehde in its folded shaped and then unfolded 
downhde by moving an expansion mandrel through the 
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lube or by inflating a balloon in the ntarior of the the. 
The unfdding procedure does not vary She sieve open- 
ing size so thai unfolded tube prcv>des a sandscreen 
with a well defined sieve opening sue. 

Claims 

1 . a foidaWa tube ccrrcnsing a tubular wall having at 
least three elongate relatively Hexbie areas where 
the watt is more flexible than other areas cf ihe wait, 
wb&ch areas are oriented in a sdbs^antalty paraiei 
direction relative to each other aicng at least a sub- 
stantia) part of the length of me kbe so that in use 
said areas from elastic hinges when define a waH 
segment that is ircaaroly fodabe to or ihe tube 
into a ccnrractsd shape. 

2. The soickbte Sufae of cSaim 1 wherein said ^ livery 
UoxtiQ arses ara fcrm>?rl by tnrougr>*heped 
grooves in ihe wall of *« tuoe. ^ch ^ocves *g 
oriented in a parallel or h«*icai ckedjcn r#stfve to a 
icngitLaSnal axis of ihe tuoe. 

3. The foldabie tube or deim 3 wnsrsin al teas! cne sat 
^ fc*r grooves «s arranged isr: : iva m« lube 
such that each set cf fcur r/ccv«r. dctinos a iuoe 
segment ihat can be tokted as ^ defta- or U-shaped 
recess inwardly into tfie fcfce. 

4. The tenable tube of dam 3 wherann two sets of four 
grooves are arranged symmetrically at coccsite 
sides of ffie tube such that rl fos U» is Sc&Jsd into 
a contracted shape two deria- or U-shaped 
recesses are farmed at opposha *ides of ihe tube. 

5. The fddsWe tube of daim 3 wberem a single 
groove is arranged in She inner weil at one sida of 
the tube and a set of "feur grooves is arranged al an 
opposite sale of the inner wafl of tie ftxe- 

8. The fddable tube of daim 5 wherein a branch tube 
«. secured around a window in the w*J of the tube 
which window is located between said singfe 
groove in said one haft of >h© tuba and an adjacent 
groove of said set of four grccves at said opposite 
side of the tube. 

7. The foidable tube of any ^eceang claim wherein 
the ioidati e tube is a wef I tubular which is i nsertabl e 
in a contracted shape into the wall and eapandafcf e 
downhole into a substaniiaily cyiircrica! shape. 

8. The toiosbe tube of claim 6 wherein the tube is a 
weH casing at a branchpoint in an uncJerc/cuXl we3 
and the branch tube forms cart of a well casing or 
Sner in a well branch, and rha tube is ins^rtade in a 
contracted shape into ihe we« and expandable 
downhcf e into a substantia^ cyiirxlhcal shape such 



that the branch tube is positioned at the entrance of 
♦he branch well near the branchpoint 

9. The foWabfe tube of daim 1 wherein the tube is 
5 made of steel. 

10. The focdabie tube of daim 1 wherein the tube is 
made of a plastic material. 

w 11. A method of placing a fcidabJa tube according to 
daim 1 in a tubular cavity, the method comprising 
inserting the tube fckled in its contracted shape into 
the cavity. umoWing the tube into rts substantially 
cylindrical shape at a sheeted location wHhin Ihe 
is cavity and securing me tube within the cavity. 

12. The method of darn 11 wherein the tube cenv 
prt^s srt tessi one set of Sour groevss eccorolng to 
daim 3 which grooves define a deita- or U-shacsd 

20 rscess when tie tuba k inserted th 9 cavity and 
a tubular container containing a seeing agent is 
arranged *^thtn said recess '/vhen the lube is 
inserted :nto tfie cavity, which contstfier is 
squeeJEed and breaks open as a result of the 
as urrteding of the lube wflNn the cavity and seaJ^ng 
^geni is released into the annuiar space between 
tie unfodsd tO>e and the wall of the cavity, which 
seating agent is than allowed to create an annular 
sesi between theunfdded tube and Ite cavity waH. 

30 

13. The method of daim 11 wherein the tuba 5S 
unfolded by inserting a seeing plug at one end of 
!ha tube and purring a high pressure 1 Juki into the 
c4her end of ths tube. 

S5 
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